Abstract. Ulcerative colitis (UC) patients are well known to carry a higher risk of developing colorectal dysplasia/cancer. However, it is hard to detect the lesion in the early phase during colonoscopy. This pilot study was conducted to analyze the endoscopic characteristics of neoplastic lesions associated with UC using advanced imaging techniques. This is a retrospective analysis of 15 colorectal neoplastic lesion obtained from 11 UC patients during remission who underwent whitelight-and advanced endoscopic imaging techniques, including chromoendoscopy, narrow-band imaging and autofluorescence imaging (AFI), and were treated with surgery. These lesions were analyzed for histology, location, size, shape, color and endoscopic features. The green/red ratio was also assessed to quantify the AFI intensity. All 11 patients had extensive colitis with the median disease duration of 14.0 years. A total of 15 lesions, consisting of 8 high-grade dysplasia and 7 cancer, was mostly located in the distal colon (86.7%, 13/15) with the mean size of 8.6 mm. The shape was protruding in 46.7% (7/15), flat elevated in 40.0% (6/15) and flat in 13.3% (2/15) and the color was red in 60.0% (9/15), same colored in 33.3% (5/15) and discolored in 6.7% (1/15). The lesion predominantly showed Kudo's neoplastic pit pattern in 86.7% (13/15; 5 type IIIL, 7 type IV and 1 type VI) on chromoendoscopy and Sano's neoplastic capillary pattern (type IIIa) in 63.6% (7/11) on narrow-band imaging, but were colored purple as neoplastic lesions in only 37.5% (3/8) on AFI. Of note, the AFI green/red ratio was significantly lower in the neoplastic lesions than UC-involved areas (p=0.00014) and UC-uninvolved areas (p=0.00651) irrespective of the lesion's size and histological type. In conclusion, endoscopic analysis based on advanced imaging, in particular AFI quantitation, may be helpful to detect early stage neoplastic lesions in long standing UC. Large-scale, prospective studies are needed.
Introduction
Ulcerative colitis (UC) patients are well known to carry a higher risk of developing colorectal dysplasia and cancer. These lesions develop from chronic inflamed mucosa and progress through dysplasia to adenocarcinoma, termed the 'inflammation-dysplasia-carcinoma sequence' (1, 2) . In clinical settings, early detection of the neoplasia is the key to improving the prognosis just as in most cancers. However, UC-associated neoplasias often develop in flat or mildly elevated lesions and are distributed multifocally within an area of intestinal inflammation, making it hard to detect them in early phase during colonoscopy (3) (4) (5) .
The benefit of neoplasia surveillance colonoscopy in UC has been established. At present, the recommended surveillance strategy involves frequent random biopsies aimed at detecting dysplasia/cancer (6) (7) (8) (9) . However, this method is limited by sampling error, requires considerable time and cost, and has resulted in only a modest reduction in cancer incidence and mortality (10) . Previously, the use of a targeting biopsy on conventional white light imaging (WLI), in which tissue specimens are obtained only when endoscopic findings indicate the possibility of neoplasia, thereby yielding a smaller number of samples, has been proposed (11, 12) . However, it is still controversial whether a targeted biopsy should replace a random biopsy.
Several advanced endoscopic imaging techniques, such as chromoendoscopy (CE) with dye-spraying (13) (14) (15) , narrowband imaging (NBI) (16, 17) and autofluorescence imaging (AFI) (18, 19) , which provide a more detailed visualization of the mucosa by enhancing morphology and vascularization, have been developed to improve upon the accuracy afforded by conventional WLI. In sporadic colorectal tumors, it has been clearly shown that these imaging techniques facilitate Pathology, 4 Surgery, Kurume University School of Medicine, Kurume 830-0011, Japan early detection allowing for the removal of the lesions, thus avoiding the need for surgery (13) . Advanced endoscopic imaging may also provide better definition and delineation of early stage neoplastic lesions even in UC, increased yield of detection and a decrease in the number of biopsies taken. However, little is known about the role of these techniques in UC-associated neoplastic lesions (20) (21) (22) . This pilot study was conducted to analyze the endoscopic characteristics of neoplastic lesions associated with UC using advanced endoscopic imaging techniques. In particular, we validated the role of AFI quantification for the first time.
Patients and methods
Patient selection and study design. A total of 11 patients (7 men and 4 women; median age, 63 years) who underwent total colonoscopy at Kurume University Hospital between April 2003 and March 2014, who had one or more UC-associated neoplastic lesions that satisfied all of the following inclusion criteria for the study, were enrolled: i) Clinically and histologically diagnosed as having UC; ii) Mucosal status was in remission stage (0 or 1 point in the Mayo endoscopic score) because histopathological distinction between inflammation and neoplasia can be extremely difficult in active inflammation; iii) Lesions which were subsequently managed by surgical resection; iv) Lesions in which histopathological evaluation was possible; and v) Lesions which could be excluded as being advanced colorectal cancer. Table I summarized the characteristics of the UC patients studied. The ethics committee of our hospital approved the study protocol and written informed consent was obtained from each of the study participants.
Endoscopic procedure. All patients underwent preparation for colonoscopy by ingesting 2 liters of polyethylene glycolelectrolyte solution on the morning of the procedure. In some cases, scopolamine butylbromide (10 mg) was administered intravenously to avoid bowel movements prior to the examination in those patients in whom this agent was not contraindicated.
Colonoscopy was performed using WLI and AFI of the colon by experienced colonoscopists. The AFI system (Olympus Medical Systems, Tokyo, Japan) used in this study consisted of a light-source system (CLV-260SL), a processor (CV-260SL), a liquid-crystal display monitor, and a specialized video endoscope for AFI detection (CF-FH260AZI). When colorectal lesions were detected, they were observed by switching to the NbI mode by the press of a button in the control head of the endoscope. Subsequently, the lesions were observed by CE using 0.4% indigo carmine and the WLI mode. After washing the indigo carmine with water insufflation, realtime color analysis on the AFI images was conducted using a personal computer with software for color analysis connected to the endoscopy system. Finally, magnifying endoscopy with NbI and CE using crystal violet was performed to estimate the detail of the encountered lesion.
Conventional endoscopic analysis.
Conventional endoscopic features were classified based on size, shape, location and color (18, 23) .
Chromoendoscopic analysis. Using magnifying CE, pit patterns were classified into types I through V based on the classification of Kudo et al (24, 25) Type I represents regular round crypts, type II represents stellar or papillary crypts, type III represents small tubular or roundish crypts (III S ) or large tubular or roundish crypts (III L ), type IV consists of branch-or gyrus-like crypts, and type V consists of irregular crypts (V I ) or non-structural crypts (V N ). Type I and II lesions are mostly non-neoplastic, whereas type III, IV and V lesions are mostly neoplastic.
Narrow-band imaging analysis. Using NbI, the lesion was classified using the Sano capillary pattern classification (26, 27) , with type I (faintly visible micro-vessels surrounding the pits) representing a non-neoplasm, type II (elongated and increased thicker vessels surrounding the pits) representing adenoma, and type III (type IIIa, increased thick vessels unevenly sized with branching and curtailed irregularity; type IIIb, nearly avascular or loose vessels with fragmentation) indicating the detection of cancer.
Autofluorescence imaging analysis. The lesion was assessed for color on AFI (18, 19) . The color of mucosa was divided into green as non-neoplastic or purple as neoplastic. due to individual variations in the AFI intensity, the AFI intensity of any identified lesion was also compared with the intensity of the non-neoplastic area (both UC-involved and -uninvolved area) in each individual, and the corrected value, termed green/red (G/R) ratio, was estimated by dividing the green color tone intensity values by the red color tone intensity values, based on the method previously reported (28) . Color tone intensity analysis was carried out with still images of the colorectal Histopathology. Surgically resected specimens were immediately fixed in 10% buffered formalin solution and subsequently stained with hematoxylin and eosin (H&E). All specimens were evaluated histopathologically by specialized pathologists who were blinded to the endoscopic diagnosis. The pathological findings were categorized as low-grade dysplasia, high-grade dysplasia (HGd) and cancer.
Statistical analysis. The paired t-test and Spearman's correlation test were used as appropriate. For all studies, p-values of <0.05 were set to determine the statistical significance. Statistical analysis was performed using SPSS, version 11.5, software (SPSS Inc., Chicago, IL, USA). Table I , all 11 patients had extensive colitis with the median disease duration of 14 years. The background mucosal status of all patients was in the remission stage according to the Mayo endoscopic score (0 or 1 point).
Results

As shown in
Clinicopathological features of the neoplastic lesion are presented in Fig. 1 . All of the 15 neoplastic lesions were macroscopically identified, including 8 HGD and 7 cancer. The lesion was mostly located in the distal colon (13/15, 86.7%) with the mean size of 8.6 mm. The shape was protruding in 46.7% (7/15), flat elevated in 40.0% (6/15) and flat in 13.3% (2/15). The color was red in 60.0% (9/15), same colored in 33.3% (5/15) and discolored in 6.7% (1/15).
We next analyzed the macroscopic features of the neoplastic lesions using advanced endoscopic imaging techniques. On CE, the lesion was classified into pit patterns type I to V with type I and II representing non-neoplastic pattern and type III, IV and V representing neoplastic pattern. Of 15 lesions examined in this study, 13 lesions (86.7%) showed neoplastic pit patterns in the order of type IV (branch-or gyrus-like crypts) > type III L (large tubular or roundish crypts) > type V I (irregular crypts) (Fig. 2) . Two of the lesions could not be classified into pit patterns and the pattern was thus regarded as unclassified.
On NBI, the lesion was classified into type I to III capillary patterns with type I representing a non-neoplasm, type II representing adenoma and type III (subdivided into IIIa and IIIb) indicating cancer. Of the 11 lesions examined, one lesion (0.9%) was identified as type I (faintly visible microvessels surrounding the pits), 3 lesions (27.3%) as type II (elongated and increased thicker vessels surrounding the pits) and 7 lesions (63.6%) as type IIIa (increased thick vessels unevenly sized with branching and curtailed irregularity) (Fig. 3) .
On AFI, in general the non-neoplastic lesions appear green and neoplastic lesions appear purple. In the present study, information was available for 8 lesions from a total of 15 lesions because 7 lesions were excluded due to insufficient bowel preparation which may disrupt autofluorescence. Of these, 5 lesions (62.5%) were colored green and 3 lesions (37.5%) colored purple (Fig. 4) .
To quantify AFI intensity, the G/R ratio was determined for each lesion after adjustments for the surrounding mucosal values. Of note, the G/R ratio was significantly lower in the neoplastic area than the adjacent non-neoplastic area involved in UC (p=0.00014) and the non-neoplastic area uninvolved in UC (p=0.00651) (Fig. 5) . The G/R ratio was not associated with the size or histological type of the lesion. Fig. 6 exemplifies the endoscopic and histological images of colorectal cancer in one patient with long-standing extensive colitis.
Discussion
Currently, several advanced endoscopic imaging techniques have been attempted to improve the limitation of conventional endoscopy (13) (14) (15) (16) (17) (18) (19) . In this pilot study, we analyzed the endoscopic characteristics of neoplastic lesions associated with UC using these advanced techniques, including CE, NbI and AFI.
A better understanding of cancer risk factors may allow endoscopic resources to be more focused on patients at higher risk. It is well established that the risk for colorectal cancer increases with the duration (more than 7 years) and anatomic extent of UC (1). In line with this established observation, our study showed that neoplastic lesion tended to develop in patients with a long history of extensive colitis. Another risk, a history of primary sclerosing cholangitis, was not observed in this study probably due to the small number of the patients in this study.
The neoplastic lesions in our study were predominantly located in the distal colon (86.7%), appeared protruded (46.7%) or flat elevated (40.0%), and were colored red (60.0%). These findings are consistent with previous reports describing how dysplasia and early cancer were characterized by low protruding or flat mucosa, often associated with redness (29) (30) (31) (32) (33) .
CE is used to better define the superficial mucosa. CE with dye agents enhances the mucosal detail and permits a more precise characterization. Kudo et al classified the pit patterns into types I to V (24,25). As reported by Sada et al (29) , some neoplastic lesions associated with UC have a neoplastic type III S to III L or type IV-type pit patterns. In contrast, Hata et al (30, 31) reported that type III or IV pit patterns were not observed in some dysplastic lesions. Our study showed that 13 of the 15 dysplasia/cancer lesions (86.7%) were representative of the neoplastic pit pattern, suggesting that CE is helpful to detect and discriminate neoplastic lesions in UC although coexisting inflammatory changes may modify the mucosal detail.
NbI is an endoscopy system, which enables a clear visualization of the microvasculature of colorectal lesions (26, 27) . Previous investigations have shown that NbI is effective in distinguishing neoplastic colorectal lesions in sporadic settings (16, 17) . Our present study showed that 7 of the 11 dysplasia/cancer lesions (63.6%) were representative of the neoplastic capillary pattern. Together with the results from recent randomized trials demonstrating that NbI was a reasonable alternative to CE (34) (35) (36) (37) , NbI is one of the available modalities to distinguish neoplastic lesion associated with UC.
AFI is a novel technique that is based on the fact that tissues exhibit fluorescence when exposed to ultraviolet (<400 nm) or shorter waveband visible light (mostly blue) (19) . Recent investigations have demonstrated the usefulness of AFI in discriminating colorectal neoplasia in sporadic setting (18) . However, the available data on AFI for UC surveillance is sparse.
On AFI, neoplastic tissue is visible as a purple lesion on a green background fluorescence of normal colonic tissue (18, 19) . Our study showed that a purple lesion was observed only in 37.5% of the neoplastic lesions, indicating that the qualitative analysis of the AFI color, green or purple, is not so helpful for detecting neoplasia associated with UC. One possible explanation is that the AFI color is altered according to the grade of inflammation (38, 39) . This is probably due to several factors that modify the AFI color both in inflammation and neoplasia, such as tissue architecture, light absorption and scattering properties, the biochemical content, or metabolic status of the tissue (40, 41) .
Inomata et al demonstrated that quantitative analysis of the AFI color using the G/R ratio was effective in distinguishing sporadic neoplastic lesions (28) . The most important observation in the present study is that we found for the first time that the G/R ratio is helpful in discriminating dysplasia/cancer in UC as well. The G/R ratio was not associated with the lesion size or histological type, supporting the idea that this index is available even for smaller lesions. quantitative AFI, rather than qualitative, has therefore the potential for detection of early neoplastic changes in UC. The field of AFI is still young and multiple questions remain unanswered. However, our results in AFF quantification are very promising but as we gain more experience, these will be better defined, hence the need for further investigations.
There are several limitations to our study. First, this was a single-center analysis involving only a limited number of patients with a retrospective design. Second, because of a retrospective design, the diagnosis in the study subjects had been established. Although advanced endoscopic imaging such as CE, NbI and AFI look very promising, large-scale, prospective study will be needed to assess their place in the surveillance of UC patients.
In conclusion, this pilot study suggested that endoscopic analysis based on advanced imaging, in particular AFI quantitation, is helpful to detect early stage neoplastic lesions in long standing UC.
